A simple and rapid filter paper technique is described for processing samples from glucose uptake studies with whole cells of gram-positive or gram-negative bacteria that transport glucose via group translocation. The procedure yields results equivalent to those obtained with a conventional membrane filtration method and requires no special filtration equipment or source of vacuum.
grown at 370C in Trypticase soy broth containing 0.5% (wt/vol) yeast extract and 0.25% (wt/ vol) glucose. S. mutans was incubated in an anaerobic atmosphere (GasPak System, BBL Microbiology Systems). E. coli was incubated aerobically. Bacteria were harvested in late log to early stationary phase by centrifugation, washed twice with 50 mM potassium phosphate buffer (PB) (pH 7.0), and resuspended in the same buffer. For the estimation of glucose uptake by whole-cell suspensions, washed bacteria in PB were preincubated for at least 30 (2) . For estimation of glucose uptake by the filter paper method, samples (50 to 100 pl) were spotted on 3MM paper disks (2.3 cm; Whatman) and immediately immersed in a beaker of methanol. Approximately 10 ml of methanol was present in the beaker for each paper disk to be washed. At the conclusion of an experiment the methanol was discarded, and the disks were batch washed in three changes (ca. 10 min per wash) of methanol. Disks were dried, and the retained radioactivity was estimated as above. Blank disks (i.e., no sample applied) were always included in the batch washing procedure to account for adsorption of radioactivity from the methanol wash fluids. Blank disks typically contained 100 to 200 cpm.
A comparison of glucose uptake by whole cells of S. mutans and E. coli as estimated by the 3MM paper and the membrane filtration techniques is shown in Fig. 1 and 2 . In these studies samples were removed from a single reaction mixture and processed alternately by the two procedures. In the case of S. mutans, identical uptake profiles were obtained (Fig. 1) . In addition, inclusion of 10 mM NaF essentially abolished glucose uptake as estimated by either technique (data not shown). When E. coli was used as the test microorganism ( Fig. 2) , the 3MM method yielded a higher rate of glucose uptake (100%). The reduced glucose uptake by E. coli seen with the membrane filtration method (relative to the 3MM method) is most likely caused by the washing step (see reference 4).
In an effort to understand the basis of the 3MM method, glucose transport (i.e., phosphorylation) by cells rendered permneable by treatment with toluene-acetone was also examined (Fig. 3) b Product of PEP-dependent glucose transport was separated from glucose by chromatography on SA (Gelman Sciences Inc, Ann Arbor, Mich.) thin-layer chromatography sheets, using ethanol-ammonin acetate-acetic acid (50:20:33, vol/vol) (1). The major peak (ca. 82% of total radioactivity) was recovered by extraction with water (24 h, 4°0). ther, water-washed DE81 or methanol-washed 3MM papers did not retain glucose. In the case of 2-deoxyglucose 6-phosphate (data not shown), methanol-washed 3MM papers retained 60% of the radioactivity retained by water-washed DE81 papers. Neither 2-deoxyglucose nor 2-deoxyglucose 6-phosphate was retained on water-washed 3MM papers.
Underestimation with the 3MM paper method of PEP-dependent glucose or 2-deoxyglucose transport by permeabilized cells, together with the observation that the recovered product of glucose transport was partially insoluble in methanol, suggests that the applicability of the 3MM paper method to whole-cell studies depends on the phosphorylation of transported glucose. Further, since whole-cell glucose uptake as estimated by either technique (membrane filtration or 3MM paper) was equivalent, it appears that the methanol wash also traps transport products within the cells. The applicability of the 3MM paper method, therefore, is most likely limited to those solutes which are altered upon transport to a methanol-insoluble form (such as sugars that are transported by phosphotransferase systems).
The 3MM paper method has been successfully applied to glucose uptake studies with several other gram-positive oral bacteria (unpublished data). Furthermore, unique aspects of glucose NOTES 839 uptake exhibited by some of the oral microbes (e.g., biphasic uptake profiles, stimulation or inhibition of uptake by human saliva) which were originally observed with the membrane filtration technique were all faithfully reproduced by the 3MM paper technique. The technique is simple, rapid, and convenient. The cost of the 3MM papers is about 1/10 the cost of membrane filters. Because the manipulations required for processing samples by the 3MM method are exceedingly simple relative even to the simplest form of the membrane filtration procedure, intervals between sampling periods can be reduced and the total number of samples can be increased in any given experiment. The membrane filtration method is sensitive to the cell density of suspensions. With very dense suspensions of bacteria, the filtration time is increased and clogging of the membrane may occur. The 3MM method does not suffer from this limitation. Since a vacuum source is not required, application of the 3MM method to studies conducted in the field and at locations distant from mobile laboratories could be especially useful.
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